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@Proe««for»paratln8ethanol from dilute aqueous Mlutfan, thereof. 

^.f!?!!"'! ^^"^^ dilute aqueous solutions 

thereof by bnnsmg the aqueous solution into contact vvith a 
ctyrtalline aluminosilicate zeolite which is a high silica 
to alumina molar ratio in the range 
from 12:1 to 300:1. preferably from 40:1 to 601 
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PROCESS FOR SEPARATING ETHANOL FROM DILPTB 
AQOEOUS SOLUTIONS THEREOF 

The present invention relates to a process for separating 
echanol from dilute aqueous solutions thereof. 

m any process for separating components of a mixture by 
adsorption the adsorbent should possess the following properties: 
1. A high capacity for preferential adsorption, 

A rapid rate of adsorption (enabling the adsorbent to adsorb a 
significant amount of the desired component In a short tiae 
from a mixture with which it is contacted), and 
A high selectivity for the desired component so that effective 
separation of the component from mixtures in which its 
concentration is low can be effected. 

A class of adsorbents which possess these properties is the 
crystalline aluminosilicates, the best known of which are the 
.eoUtes. The crystalline aluminosilicates function as "molecular 

: irwlu " ™ ^-"^ crosa-sectionU diameters 

which wlU accept certain molecules in a mixture of molecules of 
specific size and shape while rejecting others. 

. In the context of concentrating ethanol from fermentation 
beers. Hartllne in an article entitled "Lowering the Cost of 
Alcohol , published In Science, Vol 206, 41-42 (1979) refers to 
experiments using zeolites as molecular sieves to selectively adsorb 
water from aqueous ethanol, thereby increasir,* *.>,^ 
tho r-^^i^ , , increasing the concentration of 

Zllr^S " ^= - -u...a. occurring 

z.oUte, hartng a low silica to al^n^ rMio. 
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X. .3 also t.^ «S HCS 4061724 a=d *073865 ch.e 

,iXlcali« »d sl^lar cxrstall±=e sllic polymorphs are capable 
:^:rn"»all »lac„le organic co^o^. aa ^.Wol. 

, cllosolve and pheaol. Jrom dilute aqueous 

...utanol. »«^^ ^ l.l.^hed .ro„ al^noalllcall.e 

::r«:'i. rrr^ i lo^.^. capad.. . proper, 

4061724 1. said ro Irflu^oe « a greater or lesser degree 
la USE 4061 il^nosilicates rePderiug thoa 

the hydrophobic and/or por. al.. .1 
lisa suitable for the .elective removal of orgahics . 

, itrea.. containing a source of .i^nosilicates 
«e have no. found that sjnthetic crystalline al 

silica to alumina molar ratio, that is a silica to 
having a high silica to selectively 
alumina «olar ratio In the range from 12.1 to J 
,e.^. ethanol fr»a aqueous solutions thereof. 

^ordi^ly. the present Invention Is a process for^^ 
..paration of ethanol from an aqueous solution 

.orrises bringing ^ZZ::^^^^^^"^^^^^- 
synthetic crystalline ^-"^"/^"^^^^'^^^ 1. the range 

zeolite wherein the molar ratio of silica to 

" rpirsrl; the present invention U moat ad^ntageously 

applied to relatively dilute -/^rigH et^^ol. ' 

e^cample solutions containing less th«> 70? by weig 
^orTpreferably leas than lOX by »lght of ethanol. eg 2 to « by 

" "^'xhe .::^:"u.ed m the proces. of the pre.«.t invention ar. 

^-.«nr^s ie zeolites vhich have a 
synthetic ^ the zeolites 

significantly higher silica to sieves. The silica 

^ch have conventionally been used a. molecular 
30 to alumina molar ratio of the zeolites of the present invention lies 
between 12=1 to 300=1 preferably from 40 = 1 to 60 = 1. 

various Classes of high silica zeolites differing in their 

crystal structure are kaown. i„ 
^ ^ on. Class of high silica zeolite is the dass^own ^ the 
33 rOPAC termlnolo^ as the «E1. structure-type zeolites. The zeolites 



01 01 254 



10 



15 



20 



25 



30 



35 



and processes for their production are disclosed In "Atlas of 

ZZlTl^T " ^^^^^^^^^ ^^—e 

1° International Zeolite Association (1978). Another 

C1.S3 Of high silica .eolltes are Theta-1 zeolites which are 
disclosed in European patent specification EP 57049 it is 
preferred to use the MFi-structure type zeolites. 

MFl-type crystalline aWnosillcata oolites «ay suitably be 
prepared by crystallisation for a ti.e greater than 0,5 hr at a 
temperature In the range fro. 80 to 220OC. preferably fro. 120 to 
C. from a gel comprising (i) a source of silica (SiO,) (n) , 

rr "V"^"^ ^ ^nerallsmg agent selected L 

o^des and salts of al^i and alkaline earth ^tals (X,/,o wherein 
b is the valency of X), (v> an organic base (B). hereinafter 
defined-, and (vl) water and/or alcohol (ROH). 

The term organic base as used hereinbefore means any organic 
material for which -IOiqK for the reaction: 

B + H2O # B0+ + OH" 
is less than 7, where K » [BH<-] [0H-]/[B] 
Suitable organic bases include: 

(1) tetrahydrocarbylammonium salts of the formula: 

Wherein r1, r2, r3 ^4 independently either 

aryl, substituted aryl. alkyl, substituted alkyl,' cycloalkyl 
substituted cycloal^yl or hydrogen and X" is an InoTgaTT 
anion. Preferably r1. r2, ^3 ^4 ^^^^ , 
containing from 1 to 5 carbon atoms. Preferably Z' is a 
hallde or hydroxide ion. Suitable tetraalkylammonlum salts 

ZT^rT^""^"^ '^'"""^^ -trapropyla^onlum 
hydroxide. Alternatively, the precursors of tetraalkylammon. 
compounds may be used. «traalkylammonium 

(11) amines having the formula: 
either r1r2r3n, or 

^^^2N(CH2),„r3r4 ^ ^^^^^^^ 

the range 1 to 20, or RiR2N(CH2)yN(CH2)3NR3R4 

therein y and z are Integers m the range 1 to 20 
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Suitable arines include Ci to C, pri,.,ary monoalkyl amines, 
each as ,,-ethyla-lne. n-propylamin. and a-bucylaaine. 
(iii) di- and tri-al3^ola.ines such a. „ono=thanola.ine 

^.th«>ol«^ne ».d txiethanolen^ne. or their precursora in the 
5 fori, of an allcylene oxide and ammonia. 

Suitahl. aourcea ot ailica include, for e:^ple, sodium 
.iXicate. silica h,drosol. silica sel. ailica sol ^. silicic acid. 
^prefUred source of silica ia an a,ueo»s colloidal dispersion of 
ailica particles. . suitable ccm«rciall. available so^c. of 
10 silica is LDBOX* colloidal Silica manufactured by Wont 
(* Registered Trade Mark). 

Suitable sources of alumina include, for exa™,!.. .odium 
.luminate, alumini™ sulphate and alumina. The preferred .o^ce of 
:':^na is sodium aluminate prepared br diasol^ particulate 

15 alumina in .access sodium hTdro:=id. solution. „ .„v 

1 I^e preferred mineralising .g«.ts are aUcali and alJcalin. earth 

^tal hydro^dea and halid.s, such as for example, lithium 
hydro:^de, sodium hydroxide, potassium hydroxide, potassxum br^de 
3 al! calcic bromide. The preferred mineralisins agent is sodium 

,0 hydro^^d^ ^ ^^^^^^^ ^ ^^^^ 

or an^n. earth metal can be supplied ^ one or more 
iultial reactant, and then mixed together In any order, lor 
llple, sodium .ilicate ia a source of both — --"^ 

25 an aluminosilicate i, . aourc. of both alumina and ;^=• 
th. .-.rC of al^na and the sonrce of silica may be supplied in 

*ole or in part b, an aluminosilicate. *ich may be either 

crvstalline or amorplious. 
■ " specific «.X-type aeolitea and processes for 
30 utilising organic bases are described in US .atent »os 3702886. 
3709979 , 4205053. U16099 , 4139600 and 4151189-. OK Patent 
Hos 1365318 and 1567948 and European patent application publication 
Nos 2899 and 2900, for example. 
. . ^temati,.ly. the organic base may be replaced by an inorganic 

^ described in our European patent 

35. source of ainmonium ions as aescrxoc^ 
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application publication No 30811, US Patent No 4119556 and OK 
application publication No 2018232A. It is preferred to .^loy an 
MFI-type crystalline alundnosilicate crystallised fron. a gel 
containing an inorganic source of annnonlum ions for a^^i 
ammonia. * example aqueous 

The cations nonnally associated with the .eolltes, for e«^le 

I alT r'°' """"^ -^"^'^ nltrog^ls 
and a^oniu. ions r^^ suitably be exchanged vith other cations, for 

77::T:r "'^^ ^-^-^ — t 

t» SOOT . , » tmperatnre In the ranj. from 400 

to 600 0 for at least 0.5 hour. 

II "'""^ •» i» the 
li<l»ld phase or the gaseous phase. 

The 3.parate4 ethincl ^ he recovered fro. the zeolite by 

*r heating. „ «ii only he necessary to provide sufficient heat to 
evaporate the athanol. This .ill ^. ^ 

required to evaporat. a ,.l„nre of water and ethanol hy 
distlUatlon. 

1» he Which is alternately contacted .1th the feed .IxtL and 

rieotte"^" ^ 

the zeolite is employed In the for. „f . .^^i. 

ca e t,, 3.^-contlnuou.. In «. alteriatlv. 

hill! ;T " "'^""O. «- '-e^ ^«ur. 

belag passed through on, or «re seoUte ^ at the tl« a. 

.Che desorhent Is passed through one or nor. other heds. 

It is preferred to employ the zeolite in the for. of a 
countercrrent „,i„g ted or in a simulated .ovlng bed 

couutercnrrent flow syste.. the principle of *lch Is ddscrihed In 

US Patent No 2985589. acrioea m 

The process of the present invention will nov be illustrated bv 
reference to the following E.a.ples. In the Examples the flli^l^g 
apparatus, .ethod and adsorbents were employed. ' 
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The apparatus used in the Examples was a commercially available 
flow calorimeter maimf actured by Mlcroacal Limited and fitted with 
syringe microp^mps manufactured under the trade name PERFDSOR VJ by 

B Brown Melsungen AG. 
5 The adsorbents used in the experiments were saturated with triply 

distilled water. Adsorption experiments were carried out as described 
in Grosrek, A.J.. Proc. Roy. Soc. A, 1970, 314, 473-498. A IZ wt/wt 
solution of ethanol in water prepared from absolute ethanol refractive 
index 1.361 at 20'C was percolated through the adsorbents at the rate 
10 of 0.05ml per minute and the temperature of the solution was 
maintained at 22' C ± 1°C. 

The adsorbents were used without any previous degassing 
treatments i.e. as taken out of bottles where they were stored under 
air. The rises of temperature taking place in the adsorbent through 
15 which solutions were percolated were measured by thermistors inserted 
in the adsorbent and registered by a chart recorder. Calibration was 
carried out by passing electrical current through a coil immersed in 
the centre of the adsorbent beds with the solvents percolating through 
them. 

20 - The estimates of the amount of adsorption were carried out by 

measuring the time taken for the heat evolution to reach its maximum 
value, doubling it and assuming that during that time all the solute 
percolated through the adsorbent is adsorbed. The time interval in 
question usually corresponds to the major proportion of all the heat 
25 evolved during the adsorption process, i.e. the heat of adsorption 
without the adsorption "tail". The amounts of the solutes adsorbed 
calculated in this way are of course not very accurate, but give 
nevertheless some idea of the capacity of the solids to adsorb the 
solutes under the flow conditions, i.e. most probably non-equilibrium 
30 conditions. The level of adsorption was found to be 4.5g ± Ig of 

ethanol per lOOg of the zeolites examined with the space velocity of 
solution flowing through the adsorbents being 30 volumes per hour. 

Zeolite samples for use in the experiments were prepared as 
follows. 
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Gels of molar composition:- 

, AI2O3 , 5.09 fcOH = 333.6 HjO vfet. I . 20 , ,„ 

ti- co.pUt. dlssolutlo. occurred (Solu^io, a). 

A «co»i ,„I„ion (B) w« prepared «anwMl. adding 1 3,, ^ 

Solatioo A so that it »,s stirr«i for 5 .in only 

^3 .0 sZrzr-^:::' l— n ^ ^^^^ 

Ltersrr " " ^^"'^ ^ ^ ^ 

stainless steel pressure vessel which was Wdlately sealed and 

20 TstZ : ^"^^ " -tamsatioa oL. xlTLel 

was Slowly rotated while being heated to 170-C. maintained" at ^hi 

whitetL ™™ - — — . - a 

separated .ro. Le ll^^™ nriion^L:^"^ ^ 
25 of delonised water The r ' f ^ «lth 400 «1 

uxsea water. The raw zeolite so obtained was dr-'i-j ^ 
weight at 120"C, «J-nea was dried to constant 

Eaamples 1 to ^ 

Experiments were ca^^le.^^ .r ,^ 

carried out as indicated above usine MFT 
zeolites prepared as aforesaid with Sl-Al . 
to 47.1 , ^^'^ ^'^•'^l atomic ratios of 17:1 

47 1. and 51:1 respectively. The heat of adsorption i.e the Wt 
evolved When water was displaced from ^^ . 1 

measured and the amount o/ T -'^--bent by ethanol was 

results °! ^"^^^^^^ The 
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results are given in the Table. 
Comparative Tesr A 
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An experiment was carried ouC as in Examples 1 to 3. but using 
silicalite as adsorbent (as disclosed in US 4 277 635). 
Silicalite was prepared as follows: 

60g of Ludox AS 40, an amnonium stabilised silica sol, was added, 
5 with stirring, to 60g of aqueous tetrapropylaimnoniuni hydroxide 

(5 per cent weight). After stirring for approximately 10 min, the 
mixture was placed in a ISOinl stainless steel pressure vessel and 
heated to. 170»C for 60 h under autogenous pressure- On cooling, the 
vessel was opened and the raw product separated from the mother liquor 
10 by filtration. The solid filter cake was then dried to constant 
weight at 120 "C in an oven. 

Before use. a sample of the silicalite was calcined in air at 
SOO'C for 60 h. Powder X-ray diffraction analysis of the calcined 
sample showed it to be pure crystalline silicalite with no detectable 
15 amounts of amorphous material or other zeolite phases. 
The results are given in the Table. 

This shows that the estimated amount of ethanol adsorbed was 
comparable with that adsorbed by silicalite, but that the heat of 
adsorption was much greater for the zeolites of the present invention 
20 than- for silicalite indicating a greater degree of selectivity in the 
separation. The heat of adsorption was especially high for zeolites 
with Si:Al ratios of 47:1 and 5L:1 indicating that these zeolites 
should be especially effective in the separation of ethanol. 

25 
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TABLE 



Adsorption of Alcohols from Aqueous Solutlions 



Example 


Adsorbent 


Silica: 
alumina 
molar 
ratio 


Hear of Adsorption 
J/g 


Estimated 
Amount of 
Ethanol 
Adsorption 
fflg/g 


Ethanol 


Conp Test A 
1 
2 
3 


Silicallte 
MFI(NH3)* 
MFI(IJH3)* 
MFKNH3)* 


500:1 
17:1 
47:1 
51.1 


2.88 
8.78 
13.044 
12.12 


40 
35 
53 
35 



* MFI (NH3) denotes an MFI-type crystalline alnminosilicate 
crystallised from a gel containing ammonia as the base. 
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Claims ; 

1. A process for the separation of ethanol from an aqueous solution 
thereof which comprises bringing the aqueous solution into contact 
with a synthetic crystalline aluminosilicate zeolite which is a high 
silica zeolite wherein the molar ratio of silica to alumina is in the 

range from 12:1 to 300:1. 

2. A process according to claim 1 wherein the molar ratio of silica 
to alumina in the zeolite is in the range from 40:1 to 60:1. 

3. A process according to either claim 1 or claim 2 wherein the 
aqueous ethanol solution contains less than 702 by weight of ethanol. 

4. A process according to clai^ 3 whereia the aqueous ethanol 
solution contains less than lOZ by weight of ethanol- 

5. A process according to any one of the preceding claims wherein 
the crystalline aluminosilicate zeolite is an MFX-type crystalline 
aluminosilicate. 

6. A process according to claim 5 wherein the MFI-type crystalline 
aluminosilicate is crystallised from a gel containing an inorganic 
souTCB of annaoniuni ions. 

. 7. A process according to clai^ 6 wherein the inorganic source of 
ammotiitam ions is aqueous ammonia. 

8. A process according to any one of the preceding claims wherein 
Che zeolite is employed in the form of a countercurrent moving bed. 

9. A process according to any one of the claims 1 to 7 wherein the 
zeolite is employed in a simulated moving bed countercurrent flow 
system. 
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@ Process for separating ethanolfrom dilute aqueous solutions thereof. 

@ Ethanol is separated from dilute aqueous solutions 
thereof by bringing the aqueous solution into contact with a 
crystalJine aiuminosilicate zeolite which is a high silica 
zeolite having a silica to alumina molar ratio in the range 
from 12:1 to 300:1, preferably from 40:1 to 60:1. 
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